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ABSTRACT 


The Armed Forces of the Republic of China have a large 
nuiiper Of motor vehicles for administrative use. The vehicles 
were acquired from different sources in different years. In 
memerail, the vehicles are old in age. The Armed Forces have 
established a plant to manufacture vehicles for replacement. 
Because the volume of production was low, the unit cost tended 
tombe Nien. Ine pravete industry motor vehicles were also 
produced in an inefficient manner as compared to those pro- 
iecdsin thes United otates. “A logical alternative to reduce 
fmes cost 15 CO Combine the total demand and try to seek more 
Sareient production. Unlike the private market, military 
moeere replacement decisions are centralized. The rate ot 
meomlacement largely determines the number of vehicles required 
marie Military. To help the decision maker to gain some in- 
eeent On the optimal lifetime of @ motor vehicle, a stochastic 


model is suggested in the paper. 
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i ONT RODE TION 


The Armed Forces of The Republic of China (AFRC) have a 
itesernumber of motor vehicles for non-combat, administrative 
use. The exact number of the vehicles is unknown until a local 
fowestigation 1S made. In this study current data limitations 
are of two types: security, and simple non-existence of a 
Semmiscicated data base. Unfortunately, it} is not ™possible 
MemscDarate these at this time. According to oificial sta- 
tistics, the total number of the Armed Forces iS around six 
femared thousand. {1] It 1s reasonable to believe that the 
momper otf motor vehicles is quite large, since the U.S. Army, 
On which the AFRC is modeled, has approximately one vehicle 
Memmeactive duty soldier. [2] For the purpose of discussion 
in this paper it could be assumed that the total number of 
non-combat type vehicles is not less than 30,000 units. 

The motor vehicles were acquired from different sources 
through the years. Some were carried over from the mainland 
and some were from the excess stock after different Asian area 
wars. Many of the motor vehicles are very old. ron some time, 
the Armed Forces have had an extensive maintenance capability 
on Taiwan to repair the worn-out vehicles or to cannibalize 
them in order to maintain others. This capability is further 
irseussed an Chapter 1V. Because the total number of vehicles 
was still considered inadequate, the Armed Forces more recently 
established a manufacturing plant to fabricate their own vehicles, 


as discussed in Chapter IV. 





How high the actual cost is for maintenance of the vehicles 
Pew lolemubecn questioned. The manufacturing cost of vehicles 
pends saemie hich becatise  the=volume of production was small 
and the expensive plant facilities were not fully utilized. 
Although hampered by lack of data, those questions are ad- 
dressed in this paper at a policy level and with a simple 
im@rde | . 

It is suggested that the defense economy is a part of the 
national economy and must be addressed as part of the whole. 
iitmecnis €ase, in relation to the national automobile industry. 
momeemnany years, the nationalseconomy boomed continuously. In 
1954, the first manufacturer for motor vehicles was established 
when the national income per capita was around US$100. By 
1974, the national income per capita was up to US$700 and there 
were six independent car manufacturers. However, all the private 
memmeracturers have had some difficulty. Every one of them 
selected several models of vehicles to produce in trying to 
dominate the local market. Consequently, the production output 
of each model was very small. For most of them, the total 
annual production was less than one thousand units. The result 
was that the unit cost of the vehicle tended to Be too high.* 

Many indications show that the need for motor vehicles is 
expanding. The Armed Forces replacement needs are becoming 


Bucent now that the ASian area war no longer 1S a source. 


1 Central Daily News, Taipei, 17 Dec 1974, p. 1. A recent 
Tettetal investigation into the auto industry reported that 
the utilization of plant facilities was about 30%. 
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The highway authorities reported that the total number of 
Civilian motor vehicles increased with an average annual 
mov timmaremor 16,20, tor fitteen years. 

In 1973, the total number of civilian vehicles was 
iP oe. 000 uastee There 1s a prospective market for motor 
Mmomeeles since this 1s still less than one vehicle for 11.4 
people.” 

PeElogica comm Lone e “tnesprophemmsceica to lie On the 
Supply side. How the private auto industries can achieve 
the advantages of economies of scale and full utilization of 
plant remains a national economic question. 

Tie Subject Cisthiscupapecheis tO try to put a focus von 
this potential accommodation between the sectors of demand 
Ememot Supply. The automobile industry meeds advanced tech- 
nology as well as intensive capitalization which, in turn, is 
gradually built up by economic achievement. Therefore, some 
Peeces Of Economic development are important to this squestion 


Mae will be addressed in the mext chapter. 


SOumees: Ministry sof Communication, Government of 


Republic of China and the Taiwan Highway Bureau. The average 
16.26% was computed base on the data from 1958 to 1972. 
3 


Foettation in Taiwan is 16,000,000. 
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ee Nuit Or Ente PROBLEM 


A. GENERAL NATIONAL BACKGROUND 

Taiwan as an island watches the gate to the free world in 
m@aemracitic and 1S also one of the provinces of the Republic 
O@recGhina. Back in 1903, China surrendered Taiwan and the 
Pescadores to Japan after a war. During WWII the U.S. Air 
Force bombarded the islands trying to destroy the Japanese 
Military as well as the industrial facilities on the islands. 
mmel945, the war endéd and Japan. returned the islands to China. 
ite l949, Russian-supported Chinese communists took over the 
Mainland and the central government of the Republic moved to 
Taiwan. By that time, every aspect of the island was in bad 
Shape. 

Heo wecCOnNOMIG ald to the Country started in 195) through 
mie COMMISSIO0n of the Agency for International Development 
(AID). The aid was a vital transfusion which motivated the 
Seonemic @aCtivities in the island. The economic aid termin- 
mea in 1965. It had turned out to be one of the most suc- 
merrell cases of U.Sasforeion aid« [35] 

Mic private industries began to -asscmple motor vehicles 
Se Various types with imported Japanese parts in 1952. Many 
meernen actually were very small machine shops. Technolog- 
ically speaking, they were handcraft shops and had a very low 
MDEodwemuonerate Of Six tO Cight units or even less in one 


NOW Nem products were primarily trucks for agriculture. 
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A real manufacturing plant equipped with modern facilities 
mor mOtOr vehicles opened 1m 1954. And the Ministry of Econ- 
ome Aiuenns (MObA) Set up a policy based on the “ratio of 
Welt -Mamieactured parts’ to regullate the industry. This rule 
Pilawed an important part in the national economic growth, as 


seen in the following sections. - 


fee ECONOMIC RECOVERY AFTER WWII 
I Betore lost 

It was reported that on V-Day in 1945 when Taiwan was 
metroceded to the Republic of China, about three-fourths of 
mien industrial facilities and two-thirds of the electric power 
Penerating units were incapacitated, and only one-fourth of 
the highways remained serviceable. Harbors were ruined and 
mmocked,. As a result, agricultural output dropped to forty- 
mieepercent and industrial output to less than one-third of 
mmeir pre-war peaks. [4] 

Papen ProcessmOot rehabilitation and reconstruction 
Meean ripht after the war. In the first two years, the recovery 
of agricultural and industrial output was very slow. Unemploy- 
tteme OL unskilled labor continued to increase. 

fine Teo the central eovernment Of the Republic. trans- 
memed 1(5 seat to Taiwan amd brought along 2 large number of 


mainlanders, mostly well educated. Many had administrative, 


4 "Ratio of self-manufactured parts'' means a fraction or 
memeent, Calculated by cost, of the automobile parts which 
must be made domestically. Periodically, MOEA sets up differ- 
fmt es £Or Various manutacturing products, such as IV sets, 
feaeitcmIrors.. COMputer assemblics, machine tools, etc. 
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managerial, and technical knowledge and experience. The 
impact of this change upon Taiwan's economy was enormous. 
litesecCOnomy Started increasing. According to Prof. 
Pee otnige j|5), in 1955 the adjusted real income per capita 
had reached the Japanese occupied prewar highest level. Some 


meommes from his book follow: 


(WAG ea Ea? 


National Income Per Capita, Taiwan Area 


105 5- 
Ceo Tae US$ Adjusted 


Japanese 
SOS) Yen 15925 40.1 LNG) al 
(1935) (1935) (1935) 
New Taiwan 
1951 $5 911 Sono Ss oemed 
(1964) (1964) (19357 
1952 $4,221 92.16 Ao A] 
(1964) (1964) (EGS, ) 
E53 $4,334 94.63 Ao 
(1964) (1964) (1935) 


fe USS. Aid to Taiwan 

With the arrival of U.S. aid, the powerful Economic 
Seapalization Board was established in 1951. The often heard 
phrase "developing agriculture by virtue of industry and 
festering industry by virtue of agriculture" was not merely 
a political Slogan bieea guideline of action for the povern- 
tome. AS a matter of fact, systematic development of agri- 
@ueeuxe began earlier under the careful planning of the Sino- 
American Joint Commission on Rural Reconstruction (JCRR). 

Wresmited States’ aid program had played a decisive 


role in Taiwan's economic development and industria] development. 
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mes immediate Objective was to stabilize the inflation and 
Maen Shift ats emphasis from economic stabilization to econ- 
Gime aevelopment. 

Ne COM Om Ones 5Ot 4 aeliseiisi no (5), takame ail 
forms of U.S. aid together the total delivered was US$1370.2 
feelaon from 1951 to 1965. 

From a no-aid growth model constructed for Taiwan 
Based on a number of simplifying assumptions, Professor 
N. H. Jacoby [3] drew the following startling assumptions: 

"Aid more than doubled the annual rate of growth of Taiwan's 
GNP, quadrupled the annual rate of growth of per capita GNP, 
and cut thirty years from the time needed to attain 1964 

ie ane Stamdards. Without aid, it was calculated that the 
mie would have grown omly 3.5 per cent a year until 1983, 
and in 1964 would have been only about 58 per cent of the 
Metal amount. Actual per capita GNP of 1964 would not 

mave been produced until 1995." 

It was somewhat difficult to pass judgement on the 
above conclusion because the validity depends on the assump- 
tions underlying the models that Prof. Jacoby used. Never- 
theless, it was a very successful economic achievement. 

Teelormenmmeve Mome Prosperity 

The aid program terminated in 1965. Apart from 
merecting thesuse of U.S. aid, the Chinese Government has 
adapted a wide spectrum of policies for economic development 
pa@enational industrialization. The major policies could be 
meenientiy grouped into Six categories. They were: 

Mircette COMerOl over andustry : 
HOmelen tradesand exchange control; 
Patti Wroeecelon ; 

Ee pOLrt pronot ion; 


Encouragement of investment; 
Provision of tinance. 


Py Ones Gos a) 





Since 1953 a four-year economic development plan comes 
out every four years. The Chinese government has implemented 
meeomres Of Consecutive four-year economic plans for further 
prosperity. During the first and second planning periods, 
meets were the development of the industries of import sub- 
Semeucion. After the third and fourth planning periods, the 
volume of exports expanded enormously. Heavy industries are 
Sieigasized in the sixth four-year plan, launched in 1973 and 
moebe accomplished by 1976. 

The continuously increasing achievement of economic 
development cultivated an appropriate climate for the auto- 
motive industries to sprout and to flourish. The climate is 
better described by figures which give the national income 


Mmm@medpita adjusted to 1966 base value. (See Table I1). 


C. GROWTH OF DOMESTIC AUTO INDUSTRY 
1. The Yue-Loong Motor Company Period 

In 1952 the Taiwan adjusted national income per capita 
was around Wecnoe.” There were many small machine shops which 
Emameed to assemble different kinds of trucks of various s12Z¢és. 
Most of them were three-wheelers with a small diesel engine 
installed which originally was designed for fishing boat use. 
Owing to their poor stability, three-wheelers were banned. 


The manufacturers who wanted to stay in the business had two 


: Source: Directorate-General of Budgets, Accounts and 
Statistics (DGBAS), Executive Yuan, Government of the Republic 
@China. At 1966 prices, the 1952 adjusted real income per 
@eprta was NtS4,277 and the official exchange rate to US$ in 
mnemeitea year was NI$40.10 to US81.00. 4277 = 40.1 = 1) Geenor. 
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freento oO, cauher Co two-wheel or four-wheel. For the former 
eiee. Some Manufacturers acquired foreign technical cooperation 
to make motorcycles. 

beedicewOtmm Ne mint lIx Of rorelon techno loey . ere 
Poewernment set up a "ratio of self-manufacture" for all manu- 
imemerineg industries to control the specific industry. Accord- 
ime tO the ratio, some parts must be made domestically. Every 
year the government reviewed the situation and readjusted the 
miro accordingly in order to bring up a broader development 
Se industry. 

The motorcycle industries boomed until the government 
@mameed its policies in response to social pressures against 
ieeeorcycles and for traffic safety considerations, 

(hesYue-Loong Motor Company made tie first jeepyunden 
paeereense authorized by Willys of USA in 1957. The next year 
Yue-Loong contracted with Nissan Motor Co. of Japan to assemble 
fees’ s ‘Blue Bird," a 1,100 cc four-door sedan, in Taiwan. 
Peer st, Yue-Loong agreed to increase the percentage of 
Miestic Made parts by ten percent annually. “But later ain 
ieee the Manistry of Economic Affairs (MOEA) revised the 
meumro fOr auto andustry to saxty percent as a ceiling for the 
pame being. 

In 1964, Yue-Loong announced that the annual produc- 
jmmom Of "Blue Bird'' was one thousand units while the total 
assets of the company were one thousand million dollars (in 
New-Taiwan currency), which was equivalent to US$25 million 


feeemee year, it employed two thousand workers. 





Diese amecieral belie, that a sound automobile 
ieaistry 1s a doorway to overail industrialization of an 
economy. The automobile industry is highly intensive in 
@apetal, in precision technique, and in modern management 
skill. Yue-Loong started the business almost in a semi- 
handicraft way. It had a hard time. However, it dominated 
the domestic market for several years. With the continuous 
Menard Climb of real income per capita reaching IC 00 ae 
menmer manufacturers started to join in. 

RUOENCT Mant aCtUreh wean simdustriaaleagonpany , 
registered a capital of NT$12 million in 1964 and produced 
small trucks and small sedans which Japanese Subaru licensed. 
At the end of 1969, its total assets were estimated to be 
PueeoO million. San-Fu is the smallest of the four auto manu- 
facturers in operation, yet it is the only one whose sales of 
meaveecxceeded those of 1969. 

San-Yang Company is a manufacturer licensed by Honda 
GiteJdpan. In late 1968 it shifted its business from motorcycle 
to automobiles and reorganized with total assets of NT$800 
meilion. Ihe company announced that it would specialize in 
maes production of heavy duty trucks. 

LiC-WoOmImMmeusSity.COrboration registered in 1905 having 
amcooperation contract with Japanese Toyota. But the actual 
Meoduction began in 1971 with 6,000 units of Corona annually. 
In 1973, after Lio-Ho terminated the cooperation with Toyota, 
Fordeietor Company of USA invested in the corporation and 


reQreanized it. 
Source: PGBAS op. cit. For the year 1968, and calculated 


dsetne (ootnote on P. 
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There were others in the industry, but Yue-Loong 

remained the most important one during this period. 
Paine yrord-Liohea Moter Company Period 

In 1973, Ford Motor Company of USA acquired seventy 
Mmemeent Of the old Lio-Ho shares in an amount of US$6,300,000. 
imtey reorganized the corporation into Ford-Lioho Motor Company. 
Ford Company also announced a first-stage ten-year development 
plan for the newly established subsidiary. The plan consists 
MerrOur phases: in phase I, from 1973 to 1974, Ford would invest 
US$6,900,000 for plant and machine tools; in phase II, from 
ey 5 to 1977, another US$6,200,000; in phase II1, from 1978 
to 1980, US$10,040,000 more; and the last phase ends in 1983, 
With an investment of US$16,400,000. The total amount of the 
feo year pian sums up to thirty-nine million in US dollars, [6]. 

POoLd-mlgho pkawss CO speGlalize in “Sedan product vom, 
Meeording to the plan, there will be four different types of 
Cars produced. They are: Fiera, a special design for Asia, 
eammeerved cliibic centimeters’ (cc) displacement, with annual 
Eee tion of 4,000 units; Escort, 1,300 cc, annual production 
fame OOO Units; Cortina, 1,600 cc, 2,900 units; and they luxury 
line of Fairmont and Walnut with an engine displacement bigger 
mame 3,000 cc, Lor export. | 

Necondumor oO casmeucnaper, Ford-Lioho -introauced ats 


; , ; 7 
first Cortina to the Taiwan market several months ago. 


‘Central Baily News> Taipei, International Edition, some 
day in June or July 1974. 
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be the woate lites of the Auto (ingueen y 


A modern motor vehicle consists of more than one 
hundred major assemblies which are in turn made up of many 
eeeeeor different materials. The whole process requires a 
Memewdiversification of production. Even in many highly- 
@evweuoped countries, such as USA, Japan, or Germany, many car 
Menmutacturers merely assemble a car using the parts provided 
Meemecontracted vendors. It 1S a general principle that the 
mimee “S's'' (specialization, simplification, standardization) 
lead to economical production. In other words, it would be 
eeowomical to specialize the technique as well as to davide 
@reetabor for larger volume of output with less product 
Mamnelics . 

iieomiancemoatclhiite industries, 15 used by the Manuctry 
OfeEconomic Affairs (MOEA), for those who make parts and con- 
fmere them to a major industry. The satellites still have 
Gaemmrown line of distribution, for instance, a rubber tire 
company not only is a vendor to a car manufacturer but also 
wa@eres tS OWN export ondere 

Wirth the appearance of car manufacturers came many 
ierc DpartS Manufacturers. According to a survey made by the 
fhueedi: Of Industry, MOEA [7|, at the end of 19/1 there were 
31 machinery factories making qualified automobile parts, 
moe as, hydraulic cylinders, pistons, piston rings, crank- 
miates, mMarrors, radiators, bearings, springs, instruments, 


ae teraies, Starters, ctc. 
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Playvime saesmppont Boker fo ditierent manufacturing 
miaustries, there are the primary industries, namely, the 
meomecoundries that make the castings and the rolling plants 
that make beams and sheets. 

Industries of glass, rubber, and plastic are also major 
satellites to the auto industry. In Taiwan, these three in- 
Suesaries were always at the top of the list of profit makers, 
even before the auto industry existed. For a long time, all 
Sec neir products had a very good quality level as well as a 
yery good reputation in the international market. These 
industries had no difficulty in supporting the developing auto 
industry. This is in contrast to the situation in some other 
countries where auto industry development was slowed by lack 


Smeesupporting industries. 


eee lO INDUSTRY ANALYSIS 

Hor Many years the price and low quality of domestic cars 
has been criticized throughout the country. It seems that the 
Sm@emway to reduce production cost and assure better quality 1s 
to try to acquire the advantage of economies of scale. Large 
scale streamlined manufacturing processes requiring more and 
better use of capital are needed. Apparently this is the Ford 
Motor Company's intent with its subsidiary Ford-Lioho in 
Taiwan. | 

awaits MOt sa pVvety eb 1p territory.° lt cis hard 20 usa 


several dozen different types of cars on its 17,000 kilometers 


newton is lealt-shaped, 450. km from north, to seul, 
f50 kine trom east to west in the middle part. 
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of highway. The production of many diverse models, each with 
irevolume of output, has led to inefficient production. 

The author would assume that in the United States the 
Proaquction of motor vehicles, after a period of longer than 
Supety years, has already approached an efficient stage of 
Geeerction. In order to have an indicator to support the 
Seommptions Of current inefficiency in the Taiwan auto industry 
noted above, a ratio of "total assets per car output" was 
€emputed for motor vehicle manufacturers in the United States. 
itemco the incompleteness of data resources, it was a somewhat 
rough comparison. 

Webile Ill shows the total assets and number of cars sold 
pemeeyear tor Ford and General Motors in the USA. A ratio of 
total assets per output was computed by year. The mean value 
Gee Cight data points was found to be 2.2445. In a sense, 
there were US$2,244 of total assets value per car output for 


oie weer 1can car manufacturer. 


Ze 








Aedes elolet 


Total Assets Per Car Output in the United States 


Year: 1969 1970 eo wal 197 2 
Ford 
ietal assets in 
million US$ 9,199 9,904 10,509 ln 634 
Wars sold in 
thousand units 4,944 4,862 5.024 5,698 
RATIO 1.860 Ze oe Ze094 Za 


General Motors 


iotcal assets in 


no) lion US$ eee 2.0 14,174 11,048 I aes 
Wars sold in 

m@aousand units 5.29 4,609 So, Se 
ead LO Zod S05 1.916 2.116 


mpplyineg the same criterion to Yue-Loong, for the year 
mS9o4 the ratio appeared to be 25.0, which was eleven times 
the American average. Yue-Loong's 1964 data was the only 
available data for making a comparison to the United States 
evemogve, admittedly, it 1s a crude comparison. In 1964, Yue- 
Loong's total assets were US$25 million while the planned 
hme production was 1,000 units of "Blue Bird.". However, 
according to Taiwan Highway Bureau's report in the year 1964 
domestically manufactured vehicles were 1,797 units. Assuming 
that all 1,797 units were made by Yue-Loong because the other 
manufacturers joined imetne Diisiness atiter 1967 ).the 1avro 
ferened 15 13.9. This 1s 6.2 times the Americans’ average, 


still a sizeable difference. 
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A similar comparison was made using manpower ratios. 
Mims 15S Shown in Table IV, which can be compiled according 
meme levant annual reports. Both tables show relatively 
Semsistent results. Applying the same procedure to Yue- 
boong's 1964 situation turned out as the number 24, which 
Mmeveal that for one Car output Yue-Loong needed 24 times more 
manpower than Ford. For every one manpower input, Ford made 


feeetimes more cars than Yue-Loong. 


TABLE IV 
Manpeovem roducemity in the Wmited States 
Silos 1970 We) 7h ee Average 


a ~Sa a = =— + 


Workers employed 
by Ford in USA e444 340) 2295404. 225,304 252,869 


Men/car output .0495 S047 Z .0448 .0409 .0456 


Cars/man input 20.19 WAI: DS Aa 21.92 


Yue-Loong compared to Ford: 


Cars manufactured - 1,797 
Workers employed - Zu 
Men/car output - Jes ELS 
Cars/man input - 899 


= 
= 
= 
C2 
| 
ee 
fm 
Sa) 
On 
i 
ee) 
ans 
> 











Wie author believes the ratios are an indication of 
Gemeer erent economic structures, 1.e., sizes rather than a 
consequence of totally disorganized inefficiency. On the 
average, the hourly wage rate for a U.S. auto worker is around 
$4 to $5 and the national income per capita is almost US$4000. 
In the Republic of China the national income per capita is 
Woe700 and the auto worker is paid by month or day. His daily 
wage rate is around NT$S00, equivalent to US$13. 

The lower wage rate and the import tax on foreign-made 
automobiles allow the domestic auto makers to compete with 
foreign-made automobiles. However, a large production rate 
emnd result in better utilization of capital and labor, 


thus lowering cost and thereby expanding demand. 


tas 





ee Oveetom lor me oOLVED 


In Taiwan the demand for motor vehicles is substantial. 
The Armed Forces have a large potential demand, as mentioned 
earlier. In the open market the booming economy created a 
demand for more cars. In Table V the growth of motor vehicle 
Peoauction can be seen. 
AGE Vi 


The Growth Of Motor Vehicle Production an Taiwan 


Year: 1968 1969 1970 1971 1972 
Cars made 7,670 10,890 7,871 10,917 19,618 


Moereased by 
Percent 9 41.9 Se Foe ies J 


Domestically-made cars have long been criticized for 
Gmemr high cost. Probably the most important problem to be 
solved would be the reasonable reduction of the production 
Siren oome Suggestions for consideration are: 


(ee Reduce the various types~of cars to fewer standard 
models. 


jy Encourage the individual manufacturers to merge so 
mimes thcyrecolld pool their capital to utilize modern mass 
production techniques. 


(3) Introduce professional management systems to acquire 
Mine higher Cieiciency of production. 


(4) Further specialize the production of standard parts. 


ieewe sare some specialized manufacturers already, e.g., 
MekerswOreradialLoOr Springs, pistons, piston rings, etc. 


9 
StAntinguunony LU/ 0. .tiImport ser Lorergn-made cars was 
aitewed. there was a major impact only ian tne first year. 
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Miitiner specialization, especially in automatic production 
facilities and advanced techniques, remain to be introduced. 


(5) Explore the potential industries which are vertically 
Memated to the auto industry for more efficient production. 


meh reégars to item {1), the standard models should be 
@eorencd for potential use. The author strongly feels this 
to be a very important policy to apply to today's Taiwan 
Situation in which the natural resources are very limited. 
For many years most of the vehicle manufacturers produced 
newer vehicles according only to the contracted license to 
make the same car designed in a foreign environment for their 
Specific demand. None of the manufacturers designed a vehicle 
according to the domestic environment. The Farmer's Associa- 
tion in Taiwan already has made the claim that the farmer 
Pomeane in Taiwan's fields needs a car fit to his requirement. 
[8] 

meopably the main reason for the diversification of car 
types is the competitive pressure from the market. The author 
Peemametmtuition that most people were seeking economy Cars. 
The Volkswagon Beetle, which sells well in Taiwan, is a good 
example. An alternative is to select a few good designs and 
Prtesthem into mass production in order to achieve the advan- 
meee Of Cheaper unit cost. 

In Taiwan, where the highways in general are good, a truck 
sood for commercial use is also good for administrative use. 
Pe jeep good for the Armed Forces is also good for forest 
police. The author emphasizes that many small individual 


demands could be pooled into a lJarge demand which would make 


ae 





possible mass production of a standard vehicle. It would be 
even better if the Armed Forces would purchase mass produced 
vehicles from private auto manufacturers. 

The above suggestions are somewhat related to each other. 
For a highly automatic plant for mass production, intensive 
capital as well as professional management systems are es- 
mwemetal. These were mentioned in points (2) and (3) respec- 
tervely. 

Petenping <0 the bast poimte, there are actually many 
meeetsS Which could be explored. For instance, the plastic 
industry in Taiwan has been the most profitable for years. 
Mmenewe plastic industry would invest some of its research 
and development capability on potential usage of plastic for 
femeore vehicles, 1t might reduce the cost of a vehicle in the 
meeene. Downward vertical integration of auto industry could 
Meeemeo car rental services, which in turn might stimulate 
larger demand for cars. A full development of the auto in- 
Teetemcould lead to regional international cooperation. 
POmmpenocance, in ASia, Japan is highly developed while there 
are many countries in the “take-off" stage of development. 
Cooperation based on mutual benefit is feasible. For instance, 
each country manufactures certain auto parts with the advanced 
countries making the complex parts and the others concentrating 
on labor-intensive parts. The countries exchange the parts 
Mle very COUNLTY, Or group of countries, assemble the Cars 
for their own use. This might be an economical way to acquire 
motor vehicles. However, further development is far beyond 
titer Seope Of Eis Paper : 
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IV. A MATHEMATICAL MODEL TQ HELP DECISION MAKING 


PeeeecURRENT AFRC VEHICLE POLICY 

Almost twenty years ago the Armed Forves of the Republic 
of China (AFRC) established several maintenance shops spread 
Meemethne island in order to keep the vehicles in good shape. 
Pmeecweycars later a large base depot for overhauling as well 
Soecannibalization of vehicles was installed. Then, five or 
fieesyears ago another brand new automobile manufacturing plant 
was set up to fabricate vehicles for replacement, as mentioned 
Ppeeweously. The author believes that the number of vehicles 
Meeded to be replaced outnumbers those the manufacturing plant 
Gemma supply. The output volume of the manufacturing plant is 
Mormeecay, less than 1,000 units per year. The limitations arise 
fewumiany reasons, for instance, lack of working capital, lack 
Gnme@e@er Consciousness, lack of skillful workers and lack of 
Citareereneurship. 

If all the AFRC's demand could be added to civilian demand 
to form a unique national demand it would help the market to 
empanad. This might allow the producers to adopt the advantages 
Oumeene economies of scale. 

The AFRC demand is primarily for replacement. The nucleus 
of a replacement problem is the cost incurred. According to 
engineering economic theory of replacement, a piece of machinery 
should not be used as long as the marginal cost is below the 


Oveuace COst. Wihhen Marginal Cost exceeds average cost, a 


ae 








moaeement should take place. [9] In practice, the next year's 
Operating cost, including maintenance cost, is compared to the 
Somralized investment cost plus average operating cost of a 
mevevehicle. 

[It seems that AFRC does not have a significant replacement 
memency for its ‘administrative vehicles. It does not have data 
mmc ach vehicle's costs. On the other hand, when the number 
meevenicles is large, the general engineering economy type 
technique is hard to apply on a vehicle-by-vehicle basis. A 
General policy on replacement by age or usage is needed. 

mor the cost of keeping all» vehicles usable, the total 
eapemarture for the maintenance facilities should also be in- 
Cluded. In other words, the maintenance cost of a vehicle is 
femeonly the materials rephaced and labor applied, but also 
aie opportunity cost of doing something else. For example, 
Memeresent it 1S necessary for military mechanics to manufacture 
mepder parts for old vehicles. The cost to their time is hidden 
mature tixed cost of the military units. The author would con- 
Pend that two procedures should be implemented. First, a 
Perourh Study should be made of the total current expenses 
‘’methe wpokeep of cars. The actual money spent, no Mareen 
meee budget category it is from, should be stressed. fhe 
investigation might turn up something dramatic in the way of 
high maintenance costs. Secondly, let AFRC buy a group of 
memcaard commercial trucks and set up a unique record system 
to trace all the expenses that were incurred; applying the 


Seinaacd eneineenineg Ceonomic replacement rule wili pencrace 
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observation of the lifetime of the vehicles. After the data 
mmeollcoctcus some statistical analysis techniques could be 
meplied, as seen in the next section, and some knowledge of 
the cost behavior of the vehicles could be deduced. Probably 
mee two procedures could be performed simultaneously. 

Military standards are difficult to achieve by the rather 
peumitcive private industry. The cars used by AFRC were highly 
sophisticated and need advanced technical capability to assure 
eiesauelity requirements. The author strongly supports the 
requirement for a combat vehicle that is engaging in a dog- 
meee OVEr an Unexpected terrain. However, the military does 
not need a truck with water-tight, super-tough chassis, high 
Memer1OnN, Cduipped with complicated multi-fuel engine, to face 
the blinking traffic lights on a well paved asphalt highway. 
It would be better to design a model according to the require- 
Ment. 

ier 1S decided tO dépend upon private industry for the 
AFRC's vehicle demand, the AFRC could turn its vehicle manu- 
miei ing Capability to production of combat vehicles and to 
its Research and Development use. For instance, it could be 
used to develop prototype vehicles to meet future missions. 
mamecild provide the capability for pilot production, to collect 
cost data and apply some systems analysis techniques to study 
meer cost behavior. For instance, many still do not believe 
m@aat the production cost of some manufacturing items will go 
worn when the production volume increases. The learning curve 


theory, for example, as related to specific working conditions 
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could be validated by production experimentation. The Research 
and Development (R&D) facility could make and supply to the 
amaustry the production jigs and fixtures, the measuring tools 
apemeauges for on-line inspection or for product quality assur- 
mee. this is simply an application of the principle of 
division of labor. The author is convinced that this is the 
meameiple that can help the production cost of a vehicle to 
come down and that the national technological level can be 
Seealated. These relationships between private and military 
facilities would be novel and perhaps require considerable 


experimentation. 


meee SUGGESTED MATHEMATICAL MODEL 
im otochastic Aspect 

As stressed in the above section, the cost behavior 
@eevehicles and life-cycle factors should be observed before 
any decision for replacement policy could be made. A model 
POGeminimization of average lifetime cost of a vehicle is 
Mpeomesed in the next paragraph. This model leads to a general 
moliey On vehicle lifetime. The advantage of a policy 1s the 
Moeerality Of association. As stated in the title.of this 
meamen, the focus is not for a single vehicle but rather for 
meeroup. For a relatively large number of vehicles with the 
Soest in a lone run perspective, a model with stochastic aspect 
is suggested because costs will be incurred with some random 


elements. 
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Z. A Model for Minimization of Long-Run Average Cost 


Noes emrmat thlemlitetume (years) Of a motor vehicle 
mee continuous random variable, t, having a probability density 
mamet?on (pdf), f(t), and 2 cumulative distribution function 


(cdf), F(t), 


where 
oP Ga yee = 1) Mi, Aen <2 (1) 
As a matter of fact, the lifetime of a motor vehicle 
memees at t —- Upmend the lifetime 1s rarely longer than 20 


wears: therefore equation (1) can be rewritten as 


f. £(t)dt SIE (C121) GRAIG ee (2) 
Mabie) won the tame Scale, set a point F such 

ome, O~1<20. And assume there is a policy that as soon as a 
wompele €ither breaks down or reaches the age of T years a 


brand new vehicle replaces the old one. 


he <_< co aon time 


(Pies Gmieee OL this Study 1s to find the optimal policy 
for vehicle retirement which would minimize the lifetime average 


Coomwot a2 motor vehicle. 


eemeeeoral Jifetime cost for one vehicle 
K purchase expenditure, a single payment made at t=0; 


c(t) operational and maintenance cost, 1S a continuous 
function of time and could be assumed to have a 


seneral form of 
on ke) = ey ct = ct’, POI) C0 


C. Voeetwe COG tNeCOecl ti Ci1ent 





Sem eimenodivave=value, which decreases as a function 


ie uinicemmel temece a redletion to the cost so it is 


subtracted. It could be assumed to have a general 
EOGMe Of 
et esse cen 4 fon t > 0 

O ] iz 


S iomresale walie Coecrlicient. 


Mee) extra operational Cost abowe T, a continuous function 
CEE ticem eM a venmiGhe’sS ace 15 Up to point 7 and 
it does not break down, it will be kept in use but 
Notsauyemaintenance will be applied. It could be 


assumed to have a general form of 
Meme yc oh Gate) tol 
h; Eoecweta Operational cost coefficient. 
Now, let random variable t be the lifetime of a motor 


Momemebe fOr an arbitrary lifetime cycle, then the incurred 


costs during the cycle will be 


ime c(t) gest) «, if cesT 
or 
iroeeonit) 5 at tol. 
Lommuotd! cost be denoted by FC(t), then the vexpec- 
pommem Of total cost incurred over one lifetime cycle for one 


vehicle is 


i 


ELC (t) | s~ TC(t)£(t)dt 


pi eK+ec(t)-s(t)]£(t)dt+ f(K+h(t) }£(t)dt 


O 
iE 20 F 20 
f KE(t)dt+ys Ke(t)dtry[e(t)-s(t)]f(tjdt+y h(t) £(t)dt 


tt 


Kes [e(t) - s(t)]£(t)dt + s h(t) £(t)at Pee eos 
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mi) Length of lifetime, L 
The actual length of the lifetime of a vehicle will be 
1c eed be Same O56 kl 
or 
ions at tS Ty 


iijemerore the expectation of the length of a lifetime cycle is 


20 


BE) a 7 TE(t)dt 


eee) cut 


f_ tf(t)dt + TLF(t)] 


20 
Ip 


OF | 12) a) 


f 


mae plow) ..aeeme cad ee... .-e (4) 


Meee Average cost per lifetime 


Divide equation (3) by equation (4) which gives the 


ioe run average cost per unit of time. It is 
ie ; 20 oe 
E[TC(t)] - K+ fiic(t) s(t)Jf(t)dt+ sf, Ce) 2 Cece ae 
| | 


sotf(t)dt + T[1-F(T)} 


(4) Assume that the lifetime of motor vehicles are found to 
pemunatormly dastributed over (a,b), then f(t) = 1/(b-a) and 
F(t) = t/(b-a). For simplicity, let b-a=d, then f(t) = l/d 
Sg@emr(t) - t/d. Substituting into equation (5) to yield a 
general formula for long-run average cost for uniformly 
distributed lifetime, let it be denoted by Gt) 

K+ f-fe(t)=s(t)] at + a h(t) tat 

O oO. Oe 


f 
al 
OCS) peewee > ee eer Fe ee (6) 


1 : 
i todt 7: Je Aca 


Meme: Por the case Of uniform distribution, the range is 
Mimited by b-a, so the predetermined T must lie in this range, 
aero oa et Db then Pri te 1) = 0, the equation 2s 
invalid. 
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Mempiec: Suppose that the lifetime of a vehicle was found to 
mewinitormiy distributed over (0,12) years and the purchase 
meet, K = $50 (in 10,000), operational and maintenance cost 
ieee salvage value s(t), and the overtime extra operational 
mecmei(t) ali have a function of time, respectively. 
Cero Heo. 7 t 
s(t) 
bCG)> Sot 


H 
WN 
ON 

' 


See 


Applying equation (6), 
cms esc: 5. 2eyat ey 5.5ede 
Lee : : lee E ’ 


Sect) = 
fa 
‘ pyfotdt + Td - T?/12) 


Gee Ob bet 5400 
Za) = Pf 


igre Lirst derivative of G(t), 


Git) = (247. - 77) (2.87 - 65) - (6.47% - 65ST + 3400) (24 - 27) 
F (20S aaa 


_ 88.6T2 + 68090T - 81600 (7) 
vic == 1481 © eer! 


Momerme cauation (7) equal to zero to solve T, 1.e., 


Bemol- + osu0l = 81600 = 0 
OT 
jm 76.757 - 920.99 = 0 


7 (en 10S MOS. 
a 


Pe So iycads) 
Next, to verify that T = 10.55, minimize the value of Gi (t) > 


taking second derivative, from equation (7), 
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elo eel = 6800) --(88. 61° + 6800T = 81600) 
(S76T?- 48T? 


G''(t) 
(inset a> Waa oweaT) 
+ 4T" 
_ -177.2T°- 16147. 2T*- 979200T?- 15667200T2+ 94003200T 
(576T2- 48T?+ T*)? 


eye (10,55) = eel 2.2 (10.55)'-.979200(10, 55) * 
(S701 -@427" 


el). 55) 


-15667200(10.55)* + 94003200(10.55) 
1745.6865 
(SoClomssi- Stenson - (10n 55) °)7 





because the enumerator after squaring is always positive. 
Therefore the value of Gi (10.55) USeausO POSi tive: Ino ice 
words, T = 10.55 minimize G (10.55). 

(5) Assume that the lifetime of a motor vehicle is found to 
be exponentially distributed with a mean value of (years), 
meet (t) = Le-yt, i Sy cigs IEICE) = i f(x)dx = 1-e 2°; 
substituting into equation (5) to yield a general formula for 


Meomemrim average cost for exponentially distributed lifetime, 








Heoumrter be denoted by G (t}, then 
T e Poet 20 ie 

K + So [e(t) - s(t)] ; ev dt + s, h(t)Se “dat 

So\)) Sa a a a TF ee 
: Se 1 
Pe: 20 7 
AK + fole(t) - s(t)]e dt + sp n(t)e Feat egy 
i 
mL =e ys |] 
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ver CONCEUSTON 


Pimcicmaitieetye cataedrtter WVIl; Taiwan's situation progressed 
from unstable and bewildered to a well developed economic society 
with a national income per capita of US$700, highest, excluding 
Japan, in the Southeast Asia area. 

During the developing stage, any economic society experiences 
various paradoxical situations. Taiwan's auto industry evolved 
from a handicraft industry to a modern assembly-line production 
industry in recent years as the domestic booming economy created 
a potential demand for more cars. The problem with the situation 
is that the unit cost of a vehicle has tended to be too high. 

A logical solution to the problem is to merge the military demand 
and civilian demand in order to produce a more efficient quantity 
production of vehicles. The AFRC has many problems to be solved. 
The replacement of administrative vehicles is one which appears 
Moeeo nave been studied thoroughly. In this paper the author 
Stresses a systematic approach to the problem rather than the 
Strict application of a mathematical model. 

Furthermore, the suggested replacement policy could also 
pemappiied to other transportation organizations. For example, 
Giicmiaivan Provincial Bureau of Highways and the Taipei City 
Bus Systems, both of them operate several thousand passenger 
Discs, and some other private transportation companies; all 
@f them have had experience with the confusion of the replace- 


ment problem £Or years. 
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fPorethHesmodel addressed above, the distribution of lifetime 
of vehicles must be observed as well as the cost incurred col- 
lected and studied before applying the model. General formulae 
for the uniformly and exponentially distributed lifetime were 


derived. Different types of lifetime distribution could also 





Pomcerived, using the same procedures. 
iter author eagerly hopes that a validation or modification 


Or ethe model can be done after some real world data is collected 


mmenene future. 
When data is available, comparison between the model in this 
maper and other approaches can also be executed by computer 


Samulations. 
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